INTRODUCTION
Malignant tumors of the heart and great vessels are very rare. Despite most of the primary cardiac tumors are benign and 75% of those are myxoma (1), primary cardiac sarcomas are the second most common type of primary cardiac neoplasm (2) and metastases to the heart and great vessels are far more common.
The clinical presentation is usually asymptomatic, until the malignancies cause heart dysfunction or metastasize to other organs, and depends on tumor location and size. Patients are often presented with progressive dyspnea and edema due to congestive heart failure (3), and occasionally, syncope with anemia (4) or pericardial tamponade (5, 6) , and symptoms due to embolic event or metastasis to other sites.
Treatment of malignancies of the heart and great vessels tumors can be challengeable and the prognosis is poor due to their aggressive behavior and delayed diagnosis. Adding to the difficulty in complete resection of the tumors in these locations, the patients with cardiac surgery under cardiopulmonary bypass was subjected to more risk factors related to the surgery itself than other surgical procedures. However, complete or en bloc surgical resection remains the cornerstone for the treatment of malignancies despite the high incidence of unresectable cases and other risk factors (7) . In a few reports, combined heart and lung orthotopic transplantation for curative surgical approach has been attempted in highly selected patients with locally advanced primary cardiac sarcomas (8) . Neo-adjuvant or adjuvant chemotherapy and radiation have been used in the recent treatment era. Since there was a lack of previous studies to determine the role of chemotherapy and radiation in malignant cardiac tumors, the clinical impacts have been still controversial. However, in the previous report on multimodality treatment for cardiac sarcoma, there showed that adjuvant treatment for local recurrence or metastatic disease enhanced survival (9) . In the prognosis, the median survival of primary heart and great vessel sarcomas has been reported to be 6 months (10) and 17 months (11) during follow up periods, and disease free survival in the current report was 21 months for all cases and 15 months for high-grade tumors during mean the 45 months of the follow up periods (12) .
Although clinical outcomes in patients who underwent surgical resection for primary cardiac sarcoma have been investigated, there has been lacked description of the metastatic tumors and malignant fibrous histiocytoma in presenting symptoms, surgical results and follow up information. In the present study, we identified 12 patients with malignant tumors of the heart and great vessels, which we tried to remove by surgery for http://dx.doi.org/10.3346/jkms.2013.28.5.717 curative or debulking intent, and also analyzed the clinical implication of the surgical treatment of the tumor.
MATERIALS AND METHODS
Between January 2001 and May 2011, twelve patients with malignant tumors of the heart and great vessels were identified and the medical records of these patients were reviewed. Detailed data on patient's basal characteristics, including presenting symptoms, tumor location and histology, resection type, intensive care unit (ICU) and hospital length of day, postoperative complication, response to adjuvant treatment, recurrence during follow up period, and survival were obtained.
Computed tomography (CT) angiogram and echocardiography were used for the initial diagnosis, including concomitant functional and structural abnormalities, and to determine surgical resectability. Cardiac magnetic resonance imaging (MRI) was helpful preoperatively to identify more specific structures of tumors and adjacent invasions, and also used for post-operative monitoring of patients with intraluminal abnormalities on residual tissue as the differentiation of tumor degree and myxoid content, according to the degree of enhancement.
Statistical analysis
Statistical analysis was performed using the SPSS software package (Version 12.0, SPSS Inc, Chicago, IL, USA). Continuous variables were expressed as the mean ± standard deviation, median and ranges, or proportions. Survival rates were estimated using the Kaplan-Meier method. A P value of less than 0.05 was considered statistically significant.
Ethics statement
This retrospective study was approved by the institutional review board of Seoul National University Hospital (No. H-1204-088-407). Informed consent was waived by the board.
RESULTS

Patient characteristics
There were 6 males and females, with the mean age of 53.6 ± 14.1 yr (range 31-79 yr). Clinical symptoms included dyspnea, blood tinged sputum or hemoptysis, chest discomfort, shoulder pain and weight loss. There were no signs and symptoms in 3 patients. Of those, cardiac involvement of metastatic tumor was detected on a follow up CT angiogram in 2 patients who had previous surgical resection of colon cancer and osteosarcoma of the ankle.
In preoperative echocardiography, the mean left ventricle ejection fraction and pulmonary artery systolic pressure was 62.5% ± 6.2% and 45.1 ± 19.2 mmHg, respectively. The most common location of tumor was the left atrium (LA) in 7 patients. Other sites included the right atrium, left ventricle, pericardium, ascending aorta and aortic arch, subclavian and common carotid artery, superior vena cava (SVC) and lung. Except 2 patients who were planned with surgery for tissue diagnosis and palliative debulking, all patients underwent tumor resection for curative intent. The baseline patient characteristics are presented in Table 1 .
Surgery
Cardiopulmonary bypass (CPB) and cardiac arrest was required in the majority of patients (9 of 12) for tumor resection. The mean CPB time and aorta cross clamp (ACC) time were 177.8 ± concomitant mitral ring annuloplasty or replacement for tumor involvement of the mitral valve with mitral steno-insufficiency. In two patients with metastatic tumor originated from colon and lung cancer which involved the LA and right lung (Fig. 1A) , bilobectomy of the right middle and lower lobe of the lung was performed, via intrapericardial approach as a combined surgery (Fig. 1B) . Moreover, one patient with mediastinal germ cell tumor, which extended to the ascending aorta, aortic arch and SVC (Fig. 1C) , underwent en bloc resection of tumors, replacement of the total arch and separate replacement of arch vessels using Spielvogel technique (13), and SVC reconstruction with autologous pericardium (Fig. 1D) . Detailed information of operative procedures performed was described in Table 2 .
Extent of resection
Complete resection (R0) was performed in 7 patients. Incomplete resection (R2) was performed in 3 patients due to the invasion of atrioventricular (AV) node (n = 1) or coronary sinus just around to LA inferior wall (n = 1) or both mitral valve annulus and whole LA appendage (n = 1).
Tumor histology and grade
The final pathologic diagnoses were listed in Table 3 . There were 6 patients with distant metastasis or adjacent invasion from primary lung cancer (n = 2), colon cancer (n = 1), mediastinal germ cell tumor (n = 1), chondrosarcoma (n = 1) and thymic carcinoma (n = 1). In addition, there were 6 patients with primary cardiac malignancies, including 4 sarcomas and two malignant fibrous histiocysomas. The types of sarcoma were leiomyosarcoma (n = 2), angiosarcoma (n = 1) and undifferentiated pleomorphic sarcoma (n = 1).
In the histologic grade of primary cardiac malignancies, considering tumor differentiation, mitotic count and tumor necrosis, according to the Fédération Nationale des Centres de Lutte Contre le Cancer Grading System (FNCLCC Grading), all patients had moderate to high grade of tumor histology. It was presented in 4 cases of moderate grade and 2 cases of high grade. 
Morbidity and mortality
In-hospital mortality was 8.3% (1 of 12 patients). The patient underwent emergency operation for exploration and resection of large, mobile vegetation on the aortic valve. However, the extensive cardiac and pericardial metastasis of thymic carcinoma was found, thus, only tumor biopsy was performed. The patient died of heart failure with intractable ventricular arrhythmia 18 days after surgery. There was no life threatening morbidities in other patients. The mean length of stay in the intensive care unit was 4.2 ± 4.9 days (range 1-18 days), and the mean hospital length of stay was 16.2 ± 7.4 days (range 7-30 days). There were several minor complications, including atrial fibrillation, which converted to sinus rhythm after amiodarone therapy, pericardial effusion, azotemia and urinary tract infection. Postoperative pneumonia or chylothorax requiring prolonged chest tube drainage occurred in each of the 2 patients, who had undergone bilobectomy of lung as a combined surgery. One patient experienced partial seizure of the right arm, caused by a small amount of subdural hematoma, which seems to have occurred after surgery.
Tumor recurrence
There was no patient with R1 resection. Among the seven patients who underwent complete tumor resection (R0), 5 showed no evidence of local recurrence and distant metastasis. However, two patients with R0 had distant metastasis to the lung and brain during the follow up period. On the other hand, 4 of the five patients who underwent the incomplete tumor resection (R2) or biopsy had residual tumor growth or local recurrence with or without metastases to the other organs. One of them required reoperation for recurred tumor at 2 yr after the first operation. Reoperation was also performed for palliative tumor debulking. Only one patient with malignant fibrous hitiocytoma, who underwent R2 resection, did not show the evidence of disease progression during 11 months after surgery.
Adjuvant therapy
Seven patients received adjuvant chemotherapy and 3 patients refused further treatment after surgery. Radiation therapy was added in cases of brain metastasis. The common chemotherapy agents used in our center were etoposide, ifosfamide, mesna, cisplatin and adriamycin. Since the main target of adjuvant chemotherapy, in cases of metastatic cardiac tumor, was primary origin cancer, whether the tumor remained in the primary site at the time of surgery or not, variety of tumor specific protocols have been used.
Survival
The mean survival of all patients was 22.2 ± 6.1 months (range 0.6-36 months) and 1-and 2-yr survivals were 82.5% and 41.3%, respectively (Fig. 2) . When the patients were divided into two groups, according to the completeness of tumor resection, survival of the incomplete resection group, except biopsy cases was 25.9 ± 7.9 months, and there was no mortality in the complete resection group. On the other hand, the mean survival of 32.3 ± 3.0 months in both surgical resection groups seemed to be better than that of 8.6 ± 8.1 months in 2 patients received biopsy although there was no statistical significance (P = 0.075). The mean survival of patients who had primary cardiac malignancies was 22.8 ± 6.3 months, but survival in cases of metastatic tumor showed 13.1 ± 2.3 months because almost all patients underwent the operation in the past few years and had shorter periods of follow up duration after surgery. There was no mortality in all patients (n = 7) who received adjuvant chemotherapy and/or radiation therapy. It might implicate the positive clinical impact on surgical outcomes and usefulness of adjuvant therapy because the mean survival of 4 patients without adjuvant therapy was 13.3 ± 3.9 months.
DISCUSSION
Malignant tumors of the heart and great vessels are very rare, but various types of malignancies or malignant like tumors could be identified (1) . The most frequent primary malignant tumors are sarcomas, which may arise in any structures of the heart and great vessels, including pulmonary artery, aorta and vena cavae (14, 15) . In general, the right atrial lesions are more frequently malignant, but the left sided atrial lesions are usually benign tumors (16) . In the previous report, 75% of angiosarcomas, which are the most common cardiac sarcoma may occur in the right heart, especially in the right atrium (1). However, in our 4 cases, 2 cardiac sarcomas, including leiomyosarcoma and angiosarcoma, arose in the left ventricle and left atrium, and 
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one case of undifferentiated sarcoma involved both atrium and interatrial septum. Only one angiosarcoma occurred in the right atrium and invaded the superior vena cava. Metastases to or direct invasion of the heart and great vessels are far more common than primary malignancies, and the incidence is known to be about 10%, based on autopsy cases in which malignant neoplasm was diagnosed. The most common tumor type is lung cancer, and other tumors, such as colon cancer, hepatocellular carcinoma, breast cancer, lymphoma, and melanoma have also been reported to metastasize to the heart and great vessels. The clinical diagnosis is usually delayed because the malignancies are often asymptomatic until an advanced stage, and the manifestations are variable and nonspecific. It has been known that the classic triad of symptoms and signs result from intracardiac obstruction, systemic embolization and constitutional cause (17) . The direct involvement of valves or significant obstruction of cardiac chambers, which interrupts blood flow, often causes congestive heart failure or arrhythmias. Therefore, the typical symptoms are progressive dyspnea, chest discomfort, palpitation, and edema. Almost all patients in our cohort complained with the symptoms above. However, 3 patients were asymptomatic and 2 cases of metastatic tumor were incidentally detected on a follow up CT angiogram at the outpatient clinics. One patient complained of left shoulder pain and hoarseness due to the tumor involvement of superior sulcus of the left lung, including clavicle, the first rib and left upper lobe. Moreover, two patients with adjacent lung cancer presented pulmonary symptoms, including cough, sputum or blood tinged sputum.
The preoperative diagnostic imaging modalities include echocardiography, CT angiogram, and cardiac MRI (18) . Echocardiography is useful to identify the involvement and competence of intracardiac structures, including valves, ventricular function, and several determinants, which reflects the obstructive physiology of blood flow caused by the masses. CT angiogram is an important diagnostic tool for characterizing tumor masses, detecting metastasis to other organs, and determining the surgical respectability due to the high degree of tissue resolution (1). Cardiac MRI is recommended in cases of differentiating the tumors from myocardium, thrombus, vegetation, and artifact, as well as requiring more accurate assessment of tumor extent. Since the infiltrative growth and extracardiac extension of malignant cardiac tumors is better delineated by cardiac MRI (19) , it may be more helpful to differentiate the malignant tumor from benign mass and to assess the resectability of the tumors than CT angiogram (Fig. 3) . We have used the echocardiography and CT angiogram as the initial diagnostic imaging studies in all patients and often performed the cardiac MRI as an additive tool.
Surgical excision is mainstay treatment of primary or metastatic malignancies of the heart and great vessels because it can provide the symptom relief and hemodynamic improvement. Complete surgical resection was the only impact factor for the survival rate in the literature (7, (20) (21) (22) . In patients with a limited tumor extent, a complete resection should be performed for improvement of survival, but the malignant cardiac tumors are usually large at the time of diagnosis, a complete resection is often difficult to achieve. Bakaeen et al. (9) mentioned that the single area that really renders resection impossible was involvement of the fibrous skeleton of the heart. They used several modifications on cardiopulmonary bypass and performed variable surgical techniques, including reconstruction of cardiac chambers and ex vivo tumor resection under cardiac explantation with reimplantation to achieve negative resection margin. We also tried to obtain the complete or debulking mass resection. Reconstruction of atrial chambers and great vessels with GA-fixed autologous pericardium or bovine pericardium, total arch replacement using the Spielvogel technique (13), arch vessel reconstruction with artificial T graft, concomitant valve surgery and additional pulmonary resection were performed in all patients. Even incomplete resection may provide substantial symptom-free survival (11) . Two patients with malignant fibrous histiocytoma, which is an extremely rare tumor and usually occurs in the left atrium, underwent incomplete, but aggressive surgical resection, followed by adjuvant chemotherapy. Although one patient received reoperation for local recurrence, they are alive until now and shows 36 and 12 months of survival from first operation, respectively.
In metastatic cardiac tumors, although several cases of successful surgical resection have been reported, a surgical approach in these patients is usually limited to be palliative because in most cases these patients have limited life expectancies (1) . In the present study, 3 of all patients with metastatic tumor, except one biopsy case and only great vessel involvement, underwent aggressive surgical resection of masses in the left atrium and pulmonary veins, followed by adjuvant chemotherapy. Of those, 2 cases that infiltrated to the right lung had combined bilobectomy of lung for the right middle lobe and lower lobe tumors. There was no evidence of disease status in these patients during the follow up period. Since they had the metastatic cardiac malignancies without residual cancer in the primary origin sites, such as the colon and lungs, the main purpose of surgery was not palliative but curative resection of mass, and therefore, there showed relatively good clinical outcomes.
Adjuvant chemotherapy and/or radiotherapy have been recommended for the tumor, and even complete surgical resection was obtained. However, the benefits of adjuvant therapy after surgery are yet unknown and several chemo-and radiotherapeutic regimens, as showed variable results (23) . In our cases, there was no mortality in all patients (n = 7) who received adjuvant therapy while the mean survival of four patients without adjuvant therapy was 13.3 ± 3.9 months. Therefore, surgery, followed by adjuvant chemotherapy and/or radiation therapy may provide better palliation and improved survival.
Several limitations of this study need to be addressed. The small number of patients and descriptive analysis in the present study negates definite conclusions. Moreover, a risk factor analysis for postoperative survival and tumor recurrence was not performed because we focused on the clinical feature and surgical considerations. Further investigation may lead to a better understanding of surgical outcomes in malignancies of the heart and great vessels.
In conclusion, with aggressive and complete surgical resection for malignant tumor, involving the heart and great vessels, including adjacent tissue and organs suspicious of invasion, improved clinical outcomes could be obtained without life threatening complications. Although the part of malignacies cannot be resected completely with the curative intent, possible debulking for palliation also showed more reasonable results than only exploration and biopsy. Moreover, when the primary origin cancers are well controlled without residual tumors in patients with metastatic malignancies of heart and great vessels, more aggressive surgical resection for tumors should be considered because of better prognosis. Adjuvant multimodality therapy might be imperative to prevent local recurrence and distant metastasis, even in patients who underwent complete resection, and to provide improved survival.
